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(54) VIBRATION DAMPING DEVICE FOR STRUCTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To damp the 
horizontal vibration ranging from small to large 
amplitude, which occurs in a structure to a base 
construction. 

SOLUTION: A damping mechanism 20 of a 
vibration damping device is so constructed as to 
include a plastic deformation member 21 and an 
existing hydraulic damper 30. A main body 31 of 
the hydraulic damper 30 is secured to the plastic 
deformation member 21, which is then fastened to 
bridge piers, and rod sections 33 of the hydraulic 
damper 30 are connected to bridge girders to 
produce a structure which allows the plastic 
deformation member 21 to be deformed when the 
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hydraulic damper 30 has made the specified stroke A3. 
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CLAIMS 

[Claim(s)] 

[Claim 1] In the damping device of the structure which damps a horizontal 
vibration of the structure to the basic structured division It has the oleo damper 
which attenuates a horizontal vibration of said structure, and the plastic 
deformation member which attenuates a horizontal vibration of said structure 
through plastic deformation. The body section of said oleo damper is fixed to a 
plastic deformation member. The basic structured division and the structure, 
The damping device of the structure characterized by constituting so that a 
plastic deformation member may deform plastically, after it connects the rod 
section of an oleo damper with another side and an oleo damper operates by 
predetermined stroke, while fixing a plastic deformation member to one side. 
[Claim 2] The damping device of the structure according to claim 1 
characterized by preparing the quake-absorbing rubber bearing and/ or skid 
bearing which control a horizontal vibration of the structure while supporting the 
structure in the direction of a vertical between said basic structured divisions 
and structures. 

[Claim 3] The damping device of the structure according to claim 1 or 2 
characterized by having a physical quantity detection means to detect the 
physical quantity relevant to the horizontal variation rate which acts on said 
structure, and the active control means to which the damping coefficient of an 
oleo damper is changed based on the amplitude for which it asked from the 
signal detected with this physical quantity detection means. 
[Claim 4] Said active control means is the damping device of the structure 
according to claim 3 characterized by to control the damping coefficient of an 
oleo damper to enlarge the damping coefficient of an oleo damper in the state of 
a small amplitude which is generated in the vibration of those other than an 
earthquake, to set the damping coefficient of an oleo damper as the suitable 
value which demonstrates a damping function in the state of the amplitude 
below a predetermined value among amplitudes which are generated in the 
vibration in case of an earthquake, and to enlarge the damping coefficient of an 
oleo damper in the state of the amplitude beyond said predetermined value. 
[Claim 5] The damping device of the structure given in any 1 term of claims 1 -4 
characterized by said structure being a bridge girder. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is equipped with the oleo damper which 
attenuates vibration especially, and a plastic deformation member about the 
damping device of the structure which damps a horizontal vibration of the 
structure to the basic structured division, and after an oleo damper operates by 
predetermined stroke, it relates to what was constituted so that a plastic 
deformation member might deform plastically. 
[0002] 

[Description of the Prior Art] Conventionally, practical use is presented with 
quake-absorbing rubber bearing, the plastic deformation member, the oleo 
damper, etc. as a damping device which damps a horizontal vibration of the 
structure to the basic structured division. It controls a horizontal vibration of 
the structure through the elastic deformation to the shear direction (horizontal) 
while quake-absorbing rubber bearing has the laminating rubber object which 
carried out the laminating of two or more steel plates and rubber plates by turns 
up and down, arranges it between the horizontal plane section of the basic 
structured division, and the horizontal plane section of the structure and 
supports vertical loads, such as dead weight of the structure, and a movable 
load, to the basic structured division. 

[0003] Like said quake-absorbing rubber bearing, a plastic deformation member 
is arranged between the basic structured division and the structure, and 
attenuates a horizontal vibration of the structure to the basic structured 
division through the plastic deformation to the shear direction (horizontal). 
Although the plate member (honeycomb damper) of the shape of a blow hole of 
what was constituted from low yield point steel, and the bee in which two or 
more holes were formed etc. is conventionally known as a plastic deformation 
member, in consideration of the reinforcement of the structure etc., it is 
necessary to set the force by deformation of a plastic deformation member as a 
suitable value. 

[0004] The piston by which the body section and the body circles with which oil 
pressure was generally filled up into the interior were inner-**(ed) as for the 
oleo damper, enabling free sliding, The rod section which is connected with a 



piston and projects froi-r^ie body section, one pair °f^p sacs divided with the 
piston in body circles, It consists of orifices prepared in the oilway which 
connects one pair of oil sacs, and the oilway, while connecting the body section 
with one side of the basic structured division and the structure, the rod section 
' is connected with another side, and a horizontal vibration of the structure to the 
basic structured division is attenuated. In this oleo damper, vibration of the 
inside amplitude can be covered from vibration of small-size width of face, and a 
horizontal vibration can be attenuated. 

[0005] Moreover, the horizontal acceleration which acts on the structure is 
detected, and it asks for an amplitude, and has the active control means to 
which the damping coefficient of an oleo damper is changed based on the 
amplitude, and the damping device which may attenuate effectively a horizontal 
vibration of the structure to the basic structured division is also put in practical 
use. 

[0006] Moreover, practical use is conventionally presented with the damping 
device equipped with said quake-absorbing rubber bearing, the damping device 
equipped with the plastic deformation member and quake-absorbing rubber 
bearing, and an oleo damper. What it is easy to deform by the small load to a 
plastic deformation member plastically is applied, and plastic deformation of the 
plastic deformation member is carried out with the elastic deformation of 
quake-absorbing rubber bearing, and while controlling vibration of the structure 
to the basic structured division, it can be made to decrease in the damping 
device equipped with quake-absorbing rubber bearing and a plastic deformation 
member (for example, quake-absorbing rubber bearing containing a lead plug). In 
the damping device equipped with quake-absorbing rubber bearing and an oleo 
damper, the operation which makes it decrease while controlling a horizontal 
vibration of the structure to the basic structured division is acquired, and the 
structure and an oleo damper can be restored to an initial valve position by 
quake-absorbing rubber bearing. 
[0007] 

[Problem(s) to be Solved by the Invention] However, in quake-absorbing rubber 
bearing, the depressant action of vibration has a possibility that quake- 
absorbing rubber bearing may fracture, when a massive earthquake occurs and 
the horizontal variation rate of the structure becomes large, since attenuation is 
low although it is. Moreover, although it is necessary to set up the horizontal 
rigidity of quake-absorbing rubber bearing low in order to raise the quake- 
absorbing engine performance, in connection with it, it becomes easy to 
generate vibration by horizontal loads, such as a wind load, and the usability of 
the structure may be degraded. 

[0008] In order to enlarge attenuation by plastic deformation, it is necessary to 
enlarge rigidity of a plastic deformation member but, and in a plastic deformation 
member, since association with the structure and the basic structured division 
also serves as ** in connection with it, the seismic force transmitted from the 
basic structured division to the structure becomes large, and the quake- 



absorbing engine performance falls. That is, attenuatic|^md the quake- 
.l absorbing engine performance have the relation of a trade-off. 

[0009] An oleo damper can cover vibration of the inside amplitude and it can be 
made to decrease it from vibration of small-size width of face. However, in the 
<■ existing oleo damper, since it becomes stroke over and damages to vibration of 
the large amplitude generated according to a massive earthquake since the 
actuation stroke (about 40~50mm) is short, the vibration-deadening 
effectiveness is not expectable. Although it is not impossible to apply the large- 
sized oleo damper of a large stroke, either, the cost of a damping device 
becomes very expensive. 

[0010] The purposes of this invention are offering the damping device which can 
cover vibration of the large amplitude from vibration of small-size width of face, 
and can damp a horizontal vibration of the structure to the basic structured 
division, offering the damping device which used the attenuation of an oleo 
damper effectively, offering the advantageous damping device in manufacture 
cost, etc. 
[0011] 

[Means for Solving the Problem] In the damping device of the structure with 
which the damping device of the structure of claim 1 damps a horizontal 
vibration of the structure to the basic structured division It has the oleo damper 
which attenuates a horizontal vibration of the structure, and the plastic 
deformation member which attenuates a horizontal vibration of the structure 
through plastic deformation. While fixing the body section of an oleo damper to a 
plastic deformation member and fixing a plastic deformation member to one side 
of the basic structured division and the structure, after it connects the rod 
section of an oleo damper with another side and an oleo damper operates by 
predetermined stroke, it constitutes so that a plastic deformation member may 
deform plastically. 

[0012] While fixing the body section of an oleo damper to a plastic deformation 
member and fixing a plastic deformation member to one side of the basic 
structured division and the structure, the structure and the basic structured 
division are connected with another side through the oleo damper and the 
plastic deformation member by connecting the rod section of an oleo damper. 
When the structure vibrates horizontally to the basic structured division, first, 
an oleo damper operates and a horizontal vibration of the structure is 
attenuated. That is, vibrational energy can be absorbed and attenuated by the 
oleo damper without an oleo damper's carrying out plastic deformation of the 
plastic deformation member in vibration which does not operate beyond a 
predetermined stroke. If an oleo damper operates by predetermined stroke next, 
a plastic deformation member will deform plastically, vibrational energy will be 
absorbed, and a horizontal vibration of the structure will be attenuated. 
[0013] That is, without raising the rigidity between the structure and the basic 
structured division, it is made to decrease effectively by the oleo damper, and is 
made to decrease through the plastic deformation of a plastic deformation 



member to the vibratior^^yond a predetermined stro^from vibration of small- 
size width of face to the amplitude of a predetermined stroke. Although the 
rigidity of the connection section increases by the plastic deformation member, 
it can be set to the amplitude beyond a predetermined stroke. When rigidity 
' changes with the amplitude, the seismic force which resonance with the 
structure and seismic force is prevented effectively, and acts on the structure 
becomes small. Therefore, in the damping device of this structure, it becomes 
possible to cover vibration of the large amplitude from vibration of small-size 
width of face, and to damp a horizontal vibration of the structure to the basic 
structured division. Moreover, since the existing oleo damper whose actuation 
stroke is not not much large can be used effectively, the damping device which 
employed the attenuation engine performance of an oleo damper efficiently is 
obtained, and it will become very [ in manufacture cost ] advantageous. 
[0014] In invention of claim 1, between the basic structured division and the 
structure, the damping device of the structure of claim 2 prepares the quake- 
absorbing rubber bearing and/or skid bearing which control a horizontal vibration 
of the structure while supporting the structure in the direction of a vertical. 
That is, it becomes possible to attenuate further a horizontal vibration of the 
structure to the basic structured division. Moreover, it can respond to the 
thermal expansion and the heat shrink of the structure, and also vibration of the 
direction of a vertical of the structure can be controlled. And when preparing 
quake-absorbing rubber bearing, the restoration operation which restores the 
structure and an oleo damper to an initial valve position is acquired. In addition, 
the same operation as claim 1 is done so. 

[0015] The damping device of the structure of claim 3 is equipped with a 
physical quantity detection means to detect the physical quantity relevant to 
the horizontal variation rate which acts on the structure, and the active control 
means to which the damping coefficient of an oleo damper is changed based on 
the amplitude for which it asked from the signal detected with this physical 
quantity detection means in claim 1 or invention of 2. That is, based on the 
amplitude of the structure, it becomes possible by changing the damping 
coefficient of an oleo damper to attenuate a horizontal vibration of the structure 
effectively by the oleo damper. In addition, claim 1 or the same operation as 2 is 
done so. 

[0016] The damping device of the structure of claim 4 is set to invention of 
claim 3. An active control means The damping coefficient of an oleo damper is 
enlarged in the state of a small amplitude which is generated in the vibration of 
those other than an earthquake. In the state of the amplitude below a 
predetermined value, the damping coefficient of an oleo damper is set as the 
suitable value which demonstrates a damping function among amplitudes which 
are generated in the vibration in case of an earthquake. It is characterized by 
controlling the damping coefficient of an oleo damper to enlarge the damping 
coefficient of an oleo damper in the state of the amplitude beyond said 
predetermined value. 



[0017] namely, in vibratj^ of small amplitude which ig^^nerated in the vibration 
of those other than an earthquake By enlarging the damping coefficient of an 
oleo damper, an oleo damper is operated in stopper. Among amplitudes which it 
is made not to vibrate the structure to the basic structured division, and are 
generated in the vibration in case of an earthquake, in the state of the amplitude 
below a predetermined value By setting the damping coefficient of an oleo 
damper as a proper value, vibration of the structure is effectively attenuated by 
the oleo damper. In the state of the amplitude beyond a predetermined value, it 
becomes possible to operate an oleo damper in stopper and to promote the 
plastic deformation of a plastic deformation member by enlarging the damping 
coefficient of an oleo damper, among amplitudes which are generated in the 
vibration in case of an earthquake. After predetermined stroke actuation, 
vibration of the structure declines [ an oleo damper ] through the plastic 
deformation of a plastic deformation member. In addition, the same operation as 
claim 3 is done so. 

[001 8] The damping device of the structure of claim 5 is characterized by the 
structure being a bridge girder in invention given in any 1 term of claims 1 -4. 
Therefore, even when vibration of the large amplitude can be covered very much 
from vibration of small-size width of face, a horizontal vibration of a bridge 
girder can be damped and a massive earthquake occurs especially, it becomes 
possible to avoid certainly the worst situation where a bridge girder falls from a 
bridge pier (or bridge abutment). In addition, the same operation as any 1 term 
of claims 1-4 is done so. 
[0019] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this 
invention is explained with reference to a drawing. This operation gestalt is an 
example at the time of applying this invention to the damping device formed 
between the bridge piers (it is equivalent to the basic structured division) which 
support a bridge girder (it is equivalent to the structure), and a bridge girder in 
pons beam structure objects, such as a highway. However, horizontally a bridge 
axis direction is intersected perpendicularly with the direction of Y and a bridge 
axis direction is explained as a direction of X. As shown in drawin g 1 and 
drawing 2 , the damping device 10 of the pons beam structure object 1 is formed 
between the edge of each bridge girder 2, and the bridge pier 8 in the bridge pier 
8 which supports the edge of one pair of bridge girders 2, and the edge of these 
bridge girders 2. 

[0020] The base structure 3 long and slender in the direction of Y in which each 
bridge girder 2 comes to cover [ concrete ] the top-face section of the basic 
frame which connected two or more steel materials, One pair of side- 
attachment-wall 5 grades which were connected with the inferior-surface-of- 
tongue section of the base structure 3, and were set up in the direction of Y to 
one pair of long and slender beam members 4 and the top-face both ends of the 
base structure 3 are constituted as a subject. To each bridge girder 2 The 
acceleration sensor 61 (physical quantity detection means) which detects the 



acceleration of the dire^Bn of X, and the acceleratio^ensor 62 (physical 
«. quantity detection means; which detects the acceleration of the direction of Y 
are attached (refer to drawin g 7 ). The edge of one pair of bridge girders 2 is 
connected by fork joint 2a which can respond to heat telescopic motion of a 
* bridge girder 2. On the other hand in the bridge pier 8 which supports the edge 
of one pair of bridge girders 2, the back face 9 which has sufficient area to 
support the edge of one pair of bridge girders 2 in that top-face section is 
formed, and the damping device 10 is formed between this back face 9 and the 
beam member 4 of each bridge girder 2. 

[0021] A damping device 10 is explained. As shown in drawing 1 and drawing 2 , 
while a damping device 10 supports vertical loads, such as dead weight of a 
bridge girder 2, and vehicle load It is prepared in the direction center section of 
X between one pair of quake-absorbing rubber bearing 12 which controls a 
horizontal vibration, and the edge of each bridge girder 2 and a bridge pier 8. 
The attenuation device 20 in which have the plastic deformation member 21 and 
an oleo damper 30, and vibration of the direction of X of the bridge girder 2 to a 
bridge pier 8 is attenuated, It is prepared in the direction both ends of X 
between the edge of each bridge girder 2, and a bridge pier 8, and has 2 sets of 
attenuation devices 40 in which have the plastic deformation member 41 and an 
oleo damper 50, respectively, and vibration of the direction of Y of the bridge 
girder 2 to a bridge pier 8 is attenuated. 

[0022] One pair of quake-absorbing rubber bearing 12 is infixed, respectively 
between the lower limit side of one pair of beam members 4 of a bridge girder 2, 
and the back face 9 of a bridge pier 8, and the edge of a bridge girder 2 is 
supported by the bridge pier 8 through these quake-absorbing rubber bearing 12. 
As shown in dr a w ing 3 , each quake-absorbing rubber bearing 1 2 The steel 
substrate 1 3 of one pair of upper and lower sides, The laminating rubber object 
1 4 which carried out the laminating of two or more steel plates 1 5 prepared 
among one pair of steel substrates 1 3, and the hard-rubber plate 1 6 by turns, It 
consists of a steel substrate 13 and a lead plug 1 7 inserted in the vertical 
direction sense in the center section of the laminating rubber object 14, the 
upper steel substrate 1 3 is fixed to the beam member 4 of a bridge girder 2 with 
a bolt, and the lower steel substrate 1 3 is being fixed to the bridge pier 8 with 
the bolt. In addition, the steel plate for fixing the installation bases 24 and 42 of 
the quake-absorbing rubber bearing 1 2 and the attenuation devices 20 and 40 
mentioned later is prepared in the top face of the bridge pier 8 made from a 
reinforced concrete. 

[0023] The attenuation device 20 in which vibration of the direction of X of a 
bridge girder 2 is attenuated is explained. As shown in drawing 1 , drawing 4 - 
drawing 6 , the plastic deformation member 21 is what opened predetermined 
spacing in the direction of Y, and connected with it two or more plate members 
22 (honeycomb damper) which formed two or more holes 23 in the direction of 
X, and is being fixed to the upper limit section of the installation base 24 fixed 
to the back face 9 of a bridge pier 8. 



[0024] The damper rec^^cle member 25 for fixing a^leo damper 30 is 
connected with the upper limit part of the plastic deformation member 21 free 
• [ migration in the direction of Y ]. One pair of auxiliary members 6 prolonged to 
a phase opposite side from one pair of beam members 4 (refer to drawin g 1 ) of 
a bridge girder 2 attend the direction both sides of X of the damper receptacle 
member 25, respectively. If a bridge girder 2 carries out predetermined stroke 
A3 (for example, A3=30-40mm) migration from the initial valve position of 
drawing 4 in the direction of X to a bridge pier 8, as shown in drawin g 5 When 
the edge 26 of the damper receptacle member 25 contacts and a bridge pier 2 
moves in the direction of X further, as the load of the direction sense of X acts 
on the plastic deformation member 21 and it is shown in the shock absorbing 
rubber 27 which fixed to end-face 6a of the auxiliary member 6 at drawing 6 , 
the plastic deformation member 21 deforms plastically. 

[0025] In an oleo damper 30, it has one pair of rod sections 33 prolonged out of 
the body section 31 and the both ends of the body section 31. The existing oleo 
damper with the actuation stroke a little longer than said predetermined stroke 
A3 is applied. The body section 31 is fixed to the damper receptacle member 25 
with a bracket 29, and the point of one pair of rod sections 33 is connected with 
end-face 6a of one pair of said auxiliary members 6 fixed through the 
connection member 34. The damping coefficient alpha of an oleo damper 30 is 
controlled by the active control means mentioned later to be able to decrease 
effectively vibration of the direction of X of a bridge girder 2, without carrying 
out plastic deformation of the plastic deformation member 21, while an oleo 
damper 30 carries out predetermined stroke A3 actuation. 

[0026] As shown in drawing 7 , inside the body section 31, a piston 32 is inner- 
**(ed) free [ sliding ], and said one pair of rod sections 33 were prolonged from 
this piston 32, and are projected to the exterior of the body section 31. The oil 
sacs 31a and 31b connected by the oilway 36 are formed in the part divided 
with the piston 32 of the body section 31 interior. The variable-aperture valve 
35 of the electromagnetic-control type by which drive control is carried out with 
a control unit 60 is formed in an oilway 36, it asks for the amplitude A of the 
direction of X of a bridge girder 2 based on the acceleration of the direction of X 
which acts on the bridge girder 2 detected by the acceleration sensor 61 with 
the control unit 60, and the amount of drawing of the variable-aperture valve 35 
of an electromagnetic-control type is controlled based on this amplitude A, and 
it constitutes so that the damping coefficient alpha of an oleo damper 30 may 
be changed. In addition, the variable-aperture valve 35 of a control unit 60 and 
an electromagnetic-control type is equivalent to an active control means. 
[0027] By making the amplitude A of the direction of X of a bridge girder 2 into 
a parameter, active control of the damping coefficient alpha of an oleo damper 
30 is carried out with the control unit 60 so that it may become the curve a of 
drawing 8 . When the amplitude A of a bridge girder 2 is 0, a damping coefficient 
alpha is set as alpha 1 [ big ]. When A is amplitudes0-A1 , a damping coefficient 
alpha decreases-like proportionally [ abbreviation ] to the increment in an 



amplitude A. When amp|^des A are A1-A2, a dampin^oefficient alpha is held 
. at the suitable abbreviation constant value which demonstrates the attenuation 
* engine performance, and a damping coefficient alpha increases it by-like 

proportionally [ abbreviation ] to the increment in an amplitude A at the time of 
" AA2 or more (A3 is included) amplitudes. Here, they are A1=5mm, A2=20-30mm, 

and A3=30-40mm. 

[0028] namely, in the state of the small amplitude A (A=0-A1 ) which is 
generated in the vibration of those other than an earthquake, said active control 
means By enlarging the damping coefficient alpha of an oleo damper 30, an oleo 
damper 30 is operated in stopper. Among the amplitudes A which are generated 
in the vibration in case of an earthquake, in the state of the amplitude A not 
more than predetermined value A2 (A=A1 -A2) By setting the damping 
coefficient alpha of an oleo damper 30 as the suitable value which demonstrates 
a damping function Vibration of a bridge girder 2 is attenuated effectively, and 
an oleo damper 30 is operated in stopper, and it constitutes from enlarging the 
damping coefficient alpha of an oleo damper 30 in the state of the amplitude A 
beyond predetermined value A2 so that a vibrational load may be effectively 
transmitted to the plastic deformation member 21. 

[0029] As shown in drawing 1 and drawing 2 , each of one pair of attenuation 
devices 40 which attenuates vibration of the direction of Y of a bridge girder 2 
has the plastic deformation member 41 and the oleo damper 50. As shown in 
drawing 7 , an oleo damper 50 The body section 51, the rod section 53 of 52 or 
1 pair of piston, oil sacs 51a and 51b, Have an oilway 56 and the variable- 
aperture valve 55 of an electromagnetic-control type, and the acceleration of 
the direction of Y which acts on a bridge girder 2 by the acceleration sensor 62 
is detected. Based on the amplitude for which it asked from said acceleration 
with the control unit 60, the amount of drawing of the variable-aperture valve 55 
of an electromagnetic-control type is controlled, and it constitutes so that it 
may be made to change in the property which shows the damping coefficient 
alpha of an oleo damper 50 in drawing 8 like the above. In addition, the variable- 
aperture valve 55 of a control unit 60 and an electromagnetic-control type is 
equivalent to an active control means. 

[0030] In each attenuation device 40, the plastic deformation member 41 is fixed 
to the top face of the installation base 42, the damper receptacle member 45 is 
connected with the upper limit part of the plastic deformation member 41 free 
[ migration in the direction of X ], and the body section 51 of an oleo damper 50 
is being fixed to this damper receptacle member 45. One pair of auxiliary 
members 7 are prolonged in the direction of X from the side-face subordinate 
edge of the beam member 4 of a bridge girder 2, and the point of the rod section 
53 of an oleo damper 50 is connected with these one pairs of auxiliary members 
7 fixed, respectively. In addition, since it is the same structure as said 
attenuation device 20, other explanation is omitted. 

[0031] An operation and effectiveness of said damping device 10 are explained. 
In the state of the small amplitude A (A=0-A1) which is generated in vibration of 



those other than an ear^puake, such as everyday vib^jon at the time of car 
. transit etc. The damping coefficient alpha of the oleo damper 30 controlled by 

the active control means Since it is large, 2 sets of oleo dampers 30 

corresponding to the both ends of a bridge girder 2 can be operated in stopper, 
" and a small vibration of the direction of X of a bridge girder 2 can be controlled 

according to the horizontal rigidity of the quake-absorbing rubber bearing 1 2 

being weak. 

[0032] Moreover, among the amplitudes A which are generated in the vibration 
in case of an earthquake, in the condition of the amplitude A not more than 
predetermined value A2 (A=A1 -A2), the damping coefficient alpha of the oleo 
damper 30 controlled by the active control means can become the suitable 
value which demonstrates a damping function, and vibration of the direction of X 
of a bridge girder 2 can be effectively attenuated by the oleo damper 30 and the 
quake-absorbing rubber bearing 12, without carrying out plastic deformation of 
the plastic deformation member 21. 

[0033] Among the amplitudes A which are generated in the vibration in case of 
an earthquake, in the condition of the amplitude A beyond predetermined value 
A2, the damping coefficient alpha of the oleo damper 30 controlled by the active 
control means can become large again, an oleo damper 30 can be operated in 
stopper, it can become possible to promote the plastic deformation of the 
plastic deformation member 21 , and vibration of the direction of X of a bridge 
girder 2 can be attenuated through the plastic deformation of the plastic 
deformation member 21. 

[0034] That is, since vibration from the vibration of small-size width of face to 
the predetermined stroke A2 can be attenuated by the oleo damper 30 and 
vibration of the large amplitude beyond predetermined stroke A2 can be 
attenuated through the plastic deformation of the plastic deformation member 
21, it becomes possible to cover vibration of the large amplitude from vibration 
of small-size width of face, and to damp vibration of the direction of X of the 
bridge girder 2 to a bridge pier 8. So, since the existing oleo damper 30 whose 
actuation stroke is not not much large can be used effectively, taking advantage 
of the attenuation engine performance of an oleo damper 30, it will become very 
[ in manufacture cost ] advantageous. 

[0035] Moreover, since the quake-absorbing rubber bearing 12 which controls a 
horizontal vibration of a bridge girder 2 was formed between the bridge pier 8 
and the bridge girder 2, it can collaborate with an oleo damper 30 and the plastic 
deformation member 21, and vibration of the direction of X of the bridge girder 2 
to a bridge pier 8 can be attenuated further. And by forming the quake- 
absorbing rubber bearing 12, the restoration operation which restores a bridge 
girder 2 and an oleo damper 30 to an initial valve position after vibration of the 
amplitude A not more than predetermined value A2 is acquired, it can respond 
to the thermal expansion and the heat shrink of a bridge girder 2, and also 
vibration of the direction of a vertical of a bridge girder 2 can be controlled. 
[0036] Furthermore, the acceleration sensor 61 which detects the acceleration 



of. the direction of X wh^^ acts on a bridge girder 2, active control means 
. to which the damping coefficient alpha of an oleo damper 30 is changed based 
on the amplitude A of the direction of X of the bridge girder 2 for which it asked 
from the acceleration detected by this acceleration sensor 61 is established. By 
" the active control means Since the damping coefficient alpha of the oleo damper 
30 to the amplitude A of the direction of X is controlled to become the curve a 
of drawing 8 , it becomes possible to attenuate effectively vibration of the 
direction of X of a bridge girder 2. 

[0037] In the state of the small amplitude A (A=0-A1 ) which is generated in the 
vibration of those other than an earthquake, specifically It is made not to vibrate 
a bridge girder 2 to a bridge pier 8 by enlarging the damping coefficient alpha of 
an oleo damper 30. Among the amplitudes A which are generated in the vibration 
in case of an earthquake, in the state of the amplitude A not more than 
predetermined value A2 (A=A1-A2) By setting the damping coefficient alpha of 
an oleo damper 30 as the suitable value which demonstrates a damping function 
Among the amplitudes A which are made to decrease vibration of a bridge girder 
2 effectively, and are generated in the vibration in case of an earthquake, in the 
state of the amplitude A beyond predetermined value A2 By enlarging the 
damping coefficient alpha of an oleo damper 30, the plastic deformation of the 
plastic deformation member 21 is promoted, also by the collision of the damper 
receptacle member 25 and shock absorbing rubber 27, a buffer can be aimed at 
and bridge girder 2 vibration can be effectively attenuated through the plastic 
deformation of the plastic deformation member 21. 

[0038] In addition, in case a bridge girder 2 vibrates in the direction of Y to a 
bridge pier 8, 4 sets of attenuation devices 40 corresponding to the both ends 
of a bridge girder 2 function as said attenuation device 20 similarly, and do so 
the operation and effectiveness which controls vibration of the direction of Y of 
a bridge girder 2 like the above. And like this operation gestalt, as a damping 
device which damps a horizontal vibration of the bridge girder 2 to a bridge pier 
8, even when the damping device 1 0 which has the attenuation devices 20 and 
40 was applied and a massive earthquake occurs, it becomes possible to avoid 
certainly the worst situation where a bridge girder 2 falls from a bridge pier 8 (or 
bridge abutment). 

[0039] Next, the damping device of another operation gestalt is explained, 
the — 1 another operation gestalt ... the [ drawing 9 reference ] — damping 
device 1 0A of 1 another operation gestalt prepares attenuation device 40A 
instead of the attenuation device 40 in which vibration of the direction of Y of 
the bridge girder 2 to a bridge pier 8 is attenuated in said damping device 10. In 
attenuation device 40A, the plastic deformation member 70 is fixed to the 
inferior surface of tongue of the beam member 4 of a bridge girder 2, the 
damper receptacle member 71 is connected with the lower limit part of the 
plastic deformation member 70 movable only in the direction of X, and the body 
section 75 of an oleo damper 72 is being fixed to the inferior-surface-of-tongue 
section of the damper receptacle member 71 with the bracket 76. 



[0040] An oleo damper ^)has the body section 75 an^he rod section 73 
. prolonged to a bridge pier 8 side, and the point of the rod section 73 is 
connected with side-face 8a of a bridge pier 8 fixed through the connection 
member 74. Moreover, shock-absorbing-rubber 27A which the edge of the 
• damper receptacle member 71 contacts is attached in side-face 8a of a bridge 
pier 8. Attenuation device 40of this damping device 10A A does so the same 
operation and effectiveness as the attenuation device 40 of said operation 
gestalt. 

[0041] the — 2 another operation gestalt ... the [ drawing 10 - drawing 12 
reference ] — 2 another operation gestalt is an example at the time of applying 
this invention to the damping device which damps a horizontal vibration of the 
structures 84, such as a building to the basic structured division 82. In this 
damping device 1 0B, two or more quake-absorbing rubber bearing 1 2B, 2 sets of 
attenuation devices 80 which decrease vibration of the direction of X of the 
structure 84 to the basic structured division 82, and 2 sets of attenuation 
devices 81 which decrease vibration of the direction of Y of the structure 84 to 
the basic structured division 82 are established between the structure 84 and 
the basic structured division 82. 

[0042] Since the attenuation devices 80 and 81 are the structures same only by 
the directions which decrease vibration of the structure 84 differing, they 
explain the attenuation device 80, and since they are the attenuation device 20 
of said operation gestalt, and the same structure as abbreviation, give the same 
sign to the same thing as the attenuation device 20, and omit explanation. As 
shown in drawing 12 , in each attenuation device 80, in the lower limit section of 
the base member 83 of the structure 84, one pair of auxiliary members 85 have 
projected below, and the point of one pair of rod sections 33 of an oleo damper 
30 is connected with these one pairs of auxiliary members 85 fixed, respectively. 
The plastic deformation member 21 is being fixed to the basic structured 
division 82. 

[0043] Since according to damping device 10B vibration of the large amplitude is 
covered from vibration of small-size width of face, and it becomes possible to 
damp a horizontal vibration of the structure 84 to the basic structured division 
82 and an actuation stroke can use effectively the existing oleo damper 30 
which is not not much large, taking advantage of the attenuation engine 
performance of an oleo damper 30, it will become very [ in manufacture cost ] 
advantageous. In addition, the same operation and effectiveness as said Maine 
operation gestalt are done so. 

[0044] the — 3 another operation gestalt ... the [ drawing 13 and / drawing 14 
reference ] — damping device 10C of 3 another operation gestalt has a building 
87 and two or more attenuation devices 90 arranged among 88, and damps a 
horizontal vibration of buildings 87 and 88. In each attenuation device 90, it 
attaches, and is fixed to the upper limit section of a member 89, and the plastic 
deformation member 91 is connected with the upper limit part of the plastic 
deformation member 91 free [ migration to horizontally the direction which was 



fixed to one building 87^|d where buildings 87 and 8^^ounter, and the damper 
s receptacle member 92 cross at right angles ]. 

- [0045] The body section 94 of an oleo damper 99 is fixed with a bracket 95 by 
the damper receptacle member 92, and the point of the rod section 96 of an 

" oleo damper 99 is connected with the side face of the building 88 of another 
side fixed through the connection member 97. Moreover, the shock absorbing 
rubber 93 which the edge of the damper receptacle member 92 contacts is 
attached in the side face of the building 88 of said another side. In this damping 
device 10C, using a different amplitude produced to buildings 87 and 88, a 
horizontal vibration of buildings 87 and 88 is damped and the same operation 
and effectiveness as said operation gestalt are done so. 
[0046] In addition, in said operation gestalt, and the 1 st - the 3rd exception 
operation gestalt, various things, such as what was constituted for example, not 
only from what was indicated with said operation gestalt to the plastic 
deformation member but from low yield point steel, are applicable. Moreover, in 
an active control means, it is also possible to control the damping coefficient 
alpha of an oleo damper 30 so that it may become various properties, such as 
controlling the damping coefficient alpha of an oleo damper 30 to become the 
curve b of the chain line of drawing 8 . 

[0047] Physical quantity detection sensors, such as a displacement sensor 
which can detect the rate sensor which can detect a horizontal rate instead of 
or a horizontal variation rate, may be formed, and based on the amplitude for 
which it asked from the signal detected by this physical quantity detection 
sensor, you may constitute so that the damping coefficient of an oleo damper 
may be changed. [ acceleration sensors 61 and 62 ] Moreover, although not 
illustrated, in said operation gestalt and the 1st and 2nd exception operation 
gestalt, the skid bearing which attenuates vibration through friction with the 
basic structured division or the structure may be prepared instead of the 
quake-absorbing rubber bearing 12 and 12B, and this skid bearing may be 
prepared with the quake-absorbing rubber bearing 1 2 and 1 2B. 
[0047] 

[Effect of the Invention] According to the damping device of the structure of 
claim 1, when the structure vibrates horizontally to the basic structured division, 
first, an oleo damper operates and a horizontal vibration of the structure is 
attenuated. That is, if absorb vibrational energy by the oleo damper, and it is 
made to decrease and an oleo damper operates by predetermined stroke 
without an oleo damper's carrying out plastic deformation of the plastic 
deformation member in vibration which does not operate beyond a 
predetermined stroke next, a plastic deformation member will deform plastically, 
vibrational energy will be absorbed, and a horizontal vibration of the structure 
will be attenuated. That is, it becomes possible to cover vibration of the large 
amplitude from vibration of small-size width of face, and to damp a horizontal 
vibration of the structure to the basic structured division. So, since the existing 
oleo damper whose actuation stroke is not not much large can be used 



effectively, the dampin^^vice which employed the affiliation engine 
performance of an oleo damper efficiently is obtained, and it will become very 
[ in manufacture cost ] advantageous. 

[0048] Since according to the damping device of the structure of claim 2 the 
quake-absorbing rubber bearing and/or skid bearing which control a horizontal 
vibration of the structure were prepared between the basic structured division 
and the structure while supporting the structure in the direction of a vertical 
although the same effectiveness as claim 1 was done so, a horizontal vibration 
of the structure to the basic structured division can be attenuated further. 
Especially, in vibration of the small-size width of face of the structure, even if it 
does not operate an oleo damper, vibrational energy is absorbed by quake- 
absorbing rubber bearing, and it can control. Moreover, it can respond to the 
thermal expansion and the heat shrink of the structure, and also vibration of the 
direction of a vertical of the structure can be controlled. And when preparing 
quake-absorbing rubber bearing, the restoration operation which restores the 
structure and an oleo damper to an initial valve position is acquired. 
[0049] According to the damping device of the structure of claim 3, do so claim 
1 or the same effectiveness as 2, but Since it had a physical quantity detection 
means to detect the physical quantity relevant to the horizontal variation rate 
which acts on the structure, and the active control means to which the damping 
coefficient of an oleo damper is changed based on the amplitude for which it 
asked from the signal detected with this physical quantity detection means 
Based on the amplitude of the structure, an oleo damper enables it to attenuate 
a horizontal vibration of the structure effectively by changing the damping 
coefficient of an oleo damper. 

[0050] According to the damping device of the structure of claim 4, do so the 
same effectiveness as claim 3, but In vibration of small amplitude which is 
generated in the vibration of those other than an earthquake By enlarging the 
damping coefficient of an oleo damper, an oleo damper is operated in stopper. 
Among amplitudes which it is made not to vibrate the structure to the basic 
structured division, and are generated in the vibration in case of an earthquake, 
in the state of the amplitude below a predetermined value By setting the 
damping coefficient of an oleo damper as a proper value, vibration of the 
structure is effectively attenuated by the oleo damper. In the state of the 
amplitude beyond a predetermined value, it becomes possible to operate an oleo 
damper in stopper and to promote the plastic deformation of a plastic 
deformation member by enlarging the damping coefficient of an oleo damper, 
among amplitudes which are generated in the vibration in case of an earthquake. 
An oleo damper can attenuate vibration of the structure through the plastic 
deformation of a plastic deformation member after predetermined stroke 
actuation. 

[0051] Even when according to the damping device of the structure of claim 5 
vibration of the large amplitude can be covered very much from vibration of 
small-size width of face, a horizontal vibration of a bridge girder can be damped 



and a massive earthqua^| occurs especially since thej^ructure is a bridge 
girder although the same effectiveness as any 1 term of claims 1 -4 is done so, 
- it becomes possible to avoid certainly the worst situation where a bridge girder 
falls from a bridge pier (or bridge abutment). 
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